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Abstract

Microwave energy (2450 MHz) was applied to extract health-effective components (HEC) from grape seed. Three
different solvents approved for grape seed extract, such as water, ethanol and acetone, were confirmed in their
microwave-heating properties and by which extraction efficiencies were determined. Microwave-assisted extraction

(MAE) was performed under different parameters; microwave power ; (0, 50, 100 and 150 ), time

(1, 3,57,

and 9 min), the sample to solvent ratio : (1:20, 1:10, 1:5 and 1:2.5), and parficle size(whole, 20, 40 and 60 mesh)
and the subsequent extracts were used for determining their physicochemical properties, such as total yield : (TY),
total phenolics : (TP), catechin content : (CC), electron donating ability : (EDA), and browning color. The heating
properties of solvents demonstrated the optimal ranges of microwave and time as 100 W and 2 to 6 min. The
TY and HFC contents were higher with increasing powers in water and ethanol solvents, while HFC contents
were lower in acetone at over 100 W. The longer of extraction time up to 5 min, the higher extraction efficiency.
Based upon the overall MAE efficiency and solvent recovery, it was found optimal to use 10 times volume of

ethanol for 10 mesh of seed particle at 100 W.
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Fig. 1. Heating curves of 50 mL of different solvents (water,
ethanol, acetone) at 100 W of microwave power.
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Table 1. Effect of microwave power on total yield, total phenolics, catechin contents, electron donating ability, and browning color of

grape seed extract with different solvents”

Power Solvent Total yield Total phenolics Catechin contents Electron donating Browning color
W) (%, d.b) (%, db.) (%, db.) ability(%) (O.D. 420 nm)
Water 3010.10°(3.32)” 0.66£0.01(1.52) 0.39:+0.012.56) 18.4+1.4(7.61) 3
0 Ethanol 7.89+0.13(1.65) 1.7910.01(0.56) 2.47+0.02(0.81) 45.3+0.9(1.99) 0.160+0.003(1.88)
Acetone 8.91:0.06(0.67) 0.21+0.00(0.00) 1.49+0.02(1.34) 28.0£0.2(0.71) 0.127+0.000(0.00)
Water 4.10£021(5.12) 1.01+0.04(3.96) 0.82+0.09(10.98) 35.814.6(12.85) 0.250t0.0024)(0.80)
50 Ethanot 8.65£0.09(1.04) 2.12+0.04(1.89) 3.98+0.02(0.50) 50.7£1.0(1.97) 0.383+0.002(0.52)
Acetone 15.20+0.35(2.30) 1.71+0.00(0.00) 2.44+0.00(0.00) 32.3+0.0(0.00) 0.186:+0.000(0.00)
Water 5.81£0.17(2.93) 1.3740.11(8.03) 1.36+0.01(0.74) 51.2+£0.2(0.39) 0.361 t0.0124)(3.32)
100 Ethanol 10.07£0.95(9.43) 2.35+0.06(2.55) 4.13£0.03(0.73) 50.410.4(0.79) 0.318:£0.000(0.00)
Acetone 12.62+0.12(0.95) 1.50+0.06(4.00) 2.18+0.00(0.00) 29.8+0.5(1.68) 0.14110.001(0.71)
Water 7.73+0.08(1.03) 1.83+0.02(1.09) 2.11:0.01(047) 59.9+0.2(0.33) 05 10J_r0.0004)(0.00)
150 Ethanol 16.24+0.09(0.55) 2.39+0.06(2.51) 3.93+0.02(0.51) 51.2+0.4(0.78) 0.347+0.001(0.29)
Acetone 18.1140.24(1.33) 1.34+0.01(0.75) 1.860.00(0.00) 26.6+0.6(2.26) 0.13240.001(0.76)

"Microwave-assisted extraction was performed for 3 min on a mixture composed of 5 g of sample and 50 mL of solvent.

PMean of triplicates + sd.
FRelative sd. = s.d/mean x 100.

“Solution was  diluted to 10 percent and water extract at 0 W was turbid.

Table 2. Effect of extraction time on total yield, total phenolics, catechin contents, electron donating ability, and browning color of grape

seed extract with different solvents”

Extraction time Solvent Total yield Total phenolics Catechin  contents Electron donating Browning color
(min) (%, db.) (%, db.) (%, db.) ability(%) (OD. 420 nm)
Water 225+0.50°22.22)" 0.99+0.01(1.01) 0.32+0.02(6.25) 26.7+1.7(6.37) 0.192:0.001%(0.52)
1 Ethanol 9.16+0.10(1.09) 2.17+0.03(1.38) 2.69+0.04(1.49) 51.7+1.3251) 0.208+0.001(0.48)
Acetone 12.75+0.08(0.63) 175£0.03(L.71) 1.76+0.00(0.00) 439404091 0.125+0.001(0.80)
Water 3.20£0.03(0.94) 1.32+0.00(0.00) 0.57+0.01(1.75) 35.6:0.2(0.56) 0.1210.001%(0.83)
3 Ethanol 10.58+0.13(1.23) 2.80:0.03(1.07) 3.68+0.04(1.09) 572+13.6(23.78) 0.291+0.000(0.00)
Acetone 12.86+0.15(1.17) 1.89+0.03(1.59) 1.97£0.00(0.00) 45.4+0.5(1.10) 0.155+0.000(0.00)
Water 544+135(24.82) 227+0.01(0.44) 1.34+0,02(1.49) 65.3+0.7(1.07) 0.538+0.000%(0.00)
5 Ethanol 11.65:0.01(0.09) 2.85+0.02(0.70) 3.8240.02052) 57.5+0.0(0.00) 0.314+0.001(0.32)
Acetone 12.9540.05(0.39) 1.91£0.03(1.57) 1.90+0.00(0.00) 465+1.12.37) 0.139:0.000(0.00)
Water 6.25+0.40(6.40) 25140.04(1.59) 1.36+0.01(0.74) 66.4+0.6(0.90) 0.486+0.000"(0.00)
7 Etharol 12.42:0.13(1.05) 2.97+0.03(1.01) 3.89+0.00(0.00) 58.343.7(6.35) 0.3100.000(0.00)
Acetone 12.710.03(0.24) 1.83005(2.73) 1.73:0.04(231) 49.8+0.5(1.00) 0.169+0.001(0.59)
Water 6.88+1.62(23.55) 2.63+0.02(0.76) 1.85:0.01(0.54) 69.4+02(0.29) 0.504+0.000”(0.00)
9 Etharol 11430.30(2.62) 3.1240.04(1.28) 4.12+0.010.24) 66.1+0.1(0.15) 0.319+0.000(0.00)
Acetone 13.08+0.24(1.83) 1.91:0.02(1.05) 1.930.01(0.52) 48.6+1.1226) 0.135+0.000(0.00)

"Microwave-assisted extraction was performed at 100 W on a mixture composed of 5 g of sample and 50 mL of solvent.

“Mean of triplicates * s.d.
Relative s.d. = sd/mean x 100.
“The solution was diluted to 10 percent.
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Fig. 2. Effect of solvent ratio and particle size on total yield,
catechin contents, and electron donating ability of grape seed
extracts by microwave-assisted extraction with different solvents.

Table 3. Effect of the sample to solvent ratio on electron donating
ability and browning color of grape seed extract with different
solvents”

. Electron donating Browning color
Ratio Solvent abilicy (%) (OD. 420 1umg)
9.120.1 0.029£0.0003”
water (110 (L03)
, 16.8+02 0.06410.0006
120 ethanol (1.19) (0.94)
76402 0.039:0.0003
acetone (2.63) ©0.77)
water 59:04 0.048+0.0004”
a (6.78) 083
. 128402 0.055:0.0001
1:10 ethanol (1.56) 0.18)
74103 0.030+0.0004
acetone 4.05) (133)
water 46400 0.024+0.0001°
0.00) (0.42)
, 7410.1 0.027+0.0003
1:5 ethanol 135 (LD
40106 0.013£0.0000
acetone (15.00) (0.00)
30:0.1 0.052+0.0000”
water (3.33) 0.00)
, 42400 0.02240.0000
1:25 ethanol 0.00) 0.00)
20200 0.101:0.0000
acetone (O(X)) (O(X))

"Microwave-assisted extraction was performed for 3 min at 100 W on a mixture
composed of sample(25 g ~ 20 g) and 50 mL of solvent.

“Mean of triplicates * s.d.

IRelative s.d. = s.d/mean x 100.

“The solution was diluted to 10 percent.

A gufrlel] M2 F2FEE BRG] YalA Sule] F&
50 mLE 13t 20 mesh® F3F Al 82 4& IAH| &
25,5, 10,2092 A7}t 100 W2l microwave power®
387t F5& HAAstA Fig. 20 JeElRITh E3F Al5e]
ol W AR5} ZUE) ATHE Table 3o L)
Atk EF oGSl M e o E4E 2 2 2 RE
Qo ol F719¢ & 4 Ugien, Fig 25 o]
gole) FRURE ok $ER 80| 1Y BE Ao
Versith whebd % A45 AelHE Sulel B4 2
He4E efsted AR dig £auE 110 st
Aok =3 A5 YRLEV] ] B FEEA S Bls)
et fuin|E n et TN E Bl &L A7
(whole) & EH st AT =7](10, 20, 40, 60 mesh) =
8] 100 WollA] 387 &30} 1 A3 Fig. 2049}
o] whole Al59] 7397t The BHA 50 H3) 718 e
e Bk B3 AEYA 2| Fold 2 FE48
o] Bl e ¥+ UYL oIhe T 223 S O &

ox.



FEE&rfol mE

o] ggol 717 A VERTE A olAES
&0l UA77E Aot 1 F71Eo] 7P
v’: AATH28). 1t oA Holl A Mo B4 A 5

2 2015192 ) 10 mesh®] 74-¢- 2k 95% o]4Folglont,
20 mesh®] A%+ <k 26%, 40 mesh= °F 3%, 60 meshi=
F2%2 ERIF oz TEA ] B Al #H7|FE nedt
T A5 AgeA= 10 mesh2 117 51 él%‘cﬂl A&

=z
=
i=1

o

]
T
o
=
P

M wS o

st Zlo] 7P &&Aolet #E At
e <%

EEHN FEE AR FE5taat vlo]ARd]
o|BE o] &sla] &8H SuE(E, dEE, MDY 7K
AL glsln B 7] 7154 EY] $254L Bl
t}. o] of —7}”%—71:@-4 A47%-& $138le] microwave power(0,
50, 100, 150 W), 5ZA|7K(1, 3, 5, 7, 9 min), A] 2.9} G|

(1:20, 1:10, 1:5, 1:2.5), Al& UA=7](whole, 20, 40, 60
mesh) W2 PRI} FEAG o0, 3280 2 48, &

sisd SR U AH0 B AAeels, 29 52
235 22582 Yopugkeh Suls) A5 Helo]
A B AYE 100 Wol K] 2~6% Wsle] 2417t Bad
Aoz Uehgeh vlo| Az gloln §o] o4 B3

AEE 3 78 D R Tl SO, of
AEL 100 W o] ot 282 ade 2golslth
RE ool 2EAIT] AoIASF F 8 04
geol 57}0}“ ou, 5% AnnEE . A
&7} 8035 52 vy TuH &
$ols e, SUA SFE 100 W 9,
A7) &= 10 mesh o] A3 Aow

i)
rak

k]

1. Gabetta, B., Fuzzati, N., Griffini, A., Lolla, E., Pace,
R, Ruffilli, T. and Peterlongo, F. (2000) Characterization
of proanthocyanidins from grape seeds. Fitoterapia, 71,
162-175

2. Tabib, K., Bitri, L., Besancon, P. and Rouanet, J. (1994)
Polymeric grape seed tannins prevent plasma-cholesterol
changes in high-cholesterol-fed rats. Food Chem., 49,
403-406

3. Yamakoshi, J., Kataoka, S., Koga, T. and Ariga, T. (1999)
Proanthocyanidin-rich extract from grape seeds attenuates
the development of aortic atherosclerosis in cholesterol-
fed rabbits. Atherosclerosis. 142. 139-149

=4 4

2o slojz2doln 25 =4

10.

11.

12.

13.

14.

15.

16.

17.

221

. Pack, S.J., Lee, HY. and Oh, D.H. (2003) Free radical

scavenging effect of seed and skin extracts from Campbell
early grape(Vitis labruscana B.). J. Korean Soc. Food
Sci. Nutr., 32, 115-118

. Jang, J.K. and Han, 1.Y. (2002) The antioxidant ability

of grape seed extracts. Korean J. Food Sci. Technol.,
34, 524-528

. Chung, H.Y. and Yoon, S.J. (2002) Antioxidant activity

of grape seed extract. J. Korean Soc. Food Sci. Nutr.,
31, 893-898

. Bagchi, D., Bagchi, M., Stohs, S.J., Das, DK., Ray, S.D.,

Kuszynski, C.A., Joshi, S.S. and Pruess, HG. (2000) Free
radicals and grape seed proanthocyanidin extract:
importance in human health and disease prevention.

Toxicol., 148, 187-197

. Pack, S.J., Lee, HY., Pack, BK. and Oh, D.H. (2002)

Screening biological activities of grape seed and skin
extracts of Campbell Early (Vitis labruscana B.).
Nutraceuticals & Food, 7, 231-237

. Jayaprakasha, G.K., Selvi, T. and Sakariah, K.K. (2003)

Antibacterial and antioxidant activities of grape (Vitis
vinifera) seed extracts, Food Res. Intl., 36, 117-122
Chung, HY. and Pack, D.K. (2003) Antimicrobial
activity of grape seed extract. J. Korean Soc. Food Sci.
Nutr., 32, 109-114

KFDA (2004) Standard Code for Health Functional Food.
Korea Food and Drug Administration, Seoul, p.100-101
Peki¢, B., Kova¢, V., Alonso, E. and Revilla, E. (1998)
Study of the extraction of proanthocyanidins from grape
seeds. Food Chem., 61, p. 201-206

Jang, J.K. and Han, J.Y. (2002) The antioxidant ability
of grape seed extracts. Korean J. Food Sci. Technol.,
34, 524-528

Lee, W.Y., Chang, K.S. and Choi, Y.H. (2000) Extraction
of phenolic compounds from grape seed using
supercritical CO, and ethanol as a co-solvent. Korean
J. Postharvest Sci. Technol., 7, 177-183

Ganzier, K. and Salgo, A. (1987) Microwave-extraction-
a new method superseding traditional soxhlet extraction.
Z. Lebensem. Unters. Forsch., 184, 274-276

Pare, JR.J., Sigouin, M., and Lapointe, J. (1991)
Microwave-Assisted Natural Products Extraction, US
Patent 5 002 784, 26 March

Lopez-Avila, V., Young, R. and Teplitsky, N. (1996)
Microwave-assisted extraction as an alternative to
soxhlet, sonication, and supercritical fluid extraction. J.
AOAC Intl., 79. 142-156



222

18.

19.

20.

21.

22.

23.

24.

S AFA 8 A Al13E A2 (2006)

Kwon, JH. (1998) High speed extraction of
phytochemicals from food and natural products using
microwave-assisted process. Food Sci. Ind., 31, 43-55
A.O.A.C (1990) Official Method of Analysis, 15th ed.,
Association of Official Analytical Chemists, Washington,
D.C. p.200-202

KFDA (2003) Food Additives Code, Korea Food & Drug
Administration, Korea Food Industry
p.992-993

Kwon, J.H., Belanger, JM.R. and Pare, J.R.J. (2003)
Optimization of microwave- assisted extraction (MAP)
for ginseng components by response surface
methodology. J. Agric. Food Chem., 51, 1807-1810
Amerine, M.A. and Ough, C.S. (1980) Methods for
Analysis of Musts and Win. Wiley & Sons, New York,
p.176-180 v

KFDA (2005) Food Standard Code, Korea Food & Drug
Administration, p.361-362

Blois, M.S. (1958) Antioxidant determination by the use
of a stable free radical. Nature, 4617, 1198-1199

Association,

25.

26.

27.

28.

Kwon, Y.J., Noh, J.E., Lee, J.E., Lee, S.H., Choi, Y.H.
and Kwon, J.H. (2005) Prediction of optimal extraction
conditions in microwave-assisted process for antioxidant-
related components from Thymus quinquecostatus.
Korean J. Food Preserv., 12, 344-349

Lee, SB,, Lee, G.D. and Kwon, J.H. (1999) Optimization
of extraction conditions for soluble ginseng components
using microwave extraction system under pressure. J.
Korean Soc. Food Sci. Nutr., 28, 409-416

Kim, K.E., Lee, G.D. and Kwon, J.H. (2000) Pre-
establishment of microwave- assisted extraction under
atmospheric pressure condition for ginseng components.
Korean J. Food Sci. Technol., 32, 323-327

Noh, J.E., Choi, Y.K., Kim, HK. and Kwon, J.H. (2005)
Pre-establishment
conditions for antioxidative extracts from cabbage.
Korean J. Food Preserv., 12, 62-67

of microwave-assisted extraction

(d2 20059 119 229, A= 2006 39 179 )



